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ABSTRACT 



PROBLEM TO BE SOLVED: To avoid adverse influences of moisture and hydroxide 
groups in an SOG film by introducing an impurity in an insulation film to 
reform it and provide impurity-contg. regions where moisture and hydroxide 
groups in the film are lessened and the film hardly absorbs moisture. 

SOLUTION: On a single crystal Si substrate 1 a silicon oxide film 2 and an org. SOG 
film 3 are formed, and the SOG film 3 interior is buried. A metal wiring 7 is buried in 
trenches on the inner walls of which a reformed SOG film 5 is formed such that B ion is 
introduced in the SOG film 3, org. components in the film are decomposed, moisture 
and hydroxide groups in the film are lessened, no org. component is contained and 
moisture and hydroxide groups are contained a little. This prevents the metal wiring 7 
from corrosion and a high-reliability layer insulation film with a possibly reduced inter- 
wiring capacitance can be obtained and it is adaptable to scale down since only the 
reformed SOG film 5 exists sideways between the metal wirings 7. 
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5 7 5 5 7 5 
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Mens i m®m\z*$vz>m&m i &*£<a«tttt0>*ic 
e. 

[«**3] ffiEil&ffl PR mTfESg 1 lEgfiea 

b \s >^ £ *» 6 <t « E i £ V fctt*q( 2 CEtt© 

[«*JS4] ffiEJfS2f&ftI£tt. H8E3>*2 h*- 

« 4 ie»Bt c t Ltzm&m 3 cb« 20 

[**«6] BEISJf ©±t::^(££*U MEElftJIca 

ifflEmf£»Bt©±»;:»j«3n. we=i>** h*-;p 

cat* HU>^*WT*fB2ie»Ki. 
WtBn>5'^ h ME bl/>5P£ <h£: 

t>C, fl9EEIMII-»«-r*«t5C»figS*l>t»lE* 30 
£> • 

m e& 1 mmr® 5 * mesh 1 SBis t 
[m*«7] fNEffi2&j»itcDBitt«tt. 3. sbtft- 

**. 6 t-E*©¥3S#ge. 

fc. WIBn>^^ h*— ;P©x-y^>^Hi7Xi7£:;* £ 

«T«^U3>Kflslt«$trc^«4Mt&L^|||^ 40 
1, 2. 4. 6 Xfcfc 7 

ifclWfcfcbfclMMIl. 2, 4, 6Xte7!CE«©¥ 
d ©SS 1 ie««©-fflH::*tt4&£*A LTI 1 

mem 1 iuuiiic*sh-«me* 1 
JBiiaffliip»t»*tsiit. 50 



#5S2 000-323572 
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1 2 ] s«±»c» 1 m&m&Mfc-? sxs 

C©?g l*feg:BI©±t::?fl 1 V7.^/1^->^^pg-r-2.I 
Si, 

c ©?g 1 v x * /1 * - > * v x i7 1 1, x mess 1 m&m 
ic^>e»*ax'r-5ci:ic±o, mEJgiiftftitic. m 

E*l TX*^*->©MP«J;D"fe:fcS&Sl*tt« 
ffiE*l vX?/^->*7X?iUT, MESS 1*16 

y>i-smmmz^y7>t/-f2>z.£\z<z:'Q. tmtznuF 

MfttfSt^tt^I 1 flli&fll IB! IS 
MEH 1 aafflBUaSBWCJB 1 mU&Mtt>&tST.M£. 

*£u z. t *¥fm£L,iz*m&mm<DMmijm. 
mntm 1 3 3 mems 1 mws.xsmmw. 1 *6^©± 

C©m2$g»MlC. *9fifciB2*tt4&£#«*£*rL.I. 

MEMS 2 Jl&fflM Pgg^ltC^ 2 E»**«>&in:e<!:, 
£^£r CI Lfc«#JSl 1XS1 2fcE«©¥ 

[ffit^JR 1 4 ] MESS 1 Ett&tfiffiEfg 1 «*K®± 

C©JB2«StW)lO-«K:^*Eift**AUTJB2^*Mljd 

(WEtB 2 tefMJtl::«t*&fl1lEft 2 ?M«d#IHKAi:. 

ME»lE«cai;*jB2lliifflBIPSB5*»«T*xe 

<h. 

ffflE» 2«Jiiffl|JB nSBrtCJB 2 Eg§}£«£>jAtrx*i£. 
*£tr CI Ufc«F#JRl lXttl 2fcE*©¥ 

1 5 ] mess 2 m&m mamt, mess 1 e 

mzMVZ>Zl>ftr b*—)\>£Z\<DZl>$>7 b-fc—MZ 
mVZbl>> ; ?£fr<otzZ>Z.£&&WL£V1ZffijRJ%l 3 
Xtt 1 4 tcEm©¥##g«©£!it#ffi. 
[fl»«£ 1 6 3 MESS 1 feftMfttMI 1 E«£©-ht::SS 

t, 

^fB^4*fiig:M©±{cm2-7Xi7/1^->^^BS;-r*^ 
3Igi, 

c ©^ 2 77 ir/t^— vx ^ t bTsfrtB^ 3 mmm 

WMftSaAt^rtiao, m!fB^3ifeiSi^(c. M 
f Big 2 7 X * /t ^ - > © H P 0 t) ± * < SL-o Ml Big 
l i2^±fcfi:B-r 3 TOMteffMtteMTS* 4 

lit, 
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3 

0. M££3t&IMft0±lc. Afr££4ttftJRft>&&*x 

I2X ^ > ^ffl ^ © M □ SB J: 0 *>*€f < E.-z>MmW, 
MIB^3-7X^^^->(cSo'UT. W«J84 5F««^ 

tS«*X7f>^t «£&£J:9. ffl^ dig 3^*56^ 
#Wffi^£#t-&3>^ h*-JP£®(£-r-5Xg<i:. 20 
B/JfB=i>^ h*— ^fttfhUV-^rtfcm 2 
iitrXSt. LfcllMHSl 1X111 

ib i mmmzmi&Tzxmt. 

mibjb i *6igtW(D±tcB2 mmm*&f$.-?z>T.mii. 

St, 

ifiE«ivxi?y^->5?x^iLT, fitreaiif&fft 
*fc*tt*£aA-r* ;:<!:£.*: 0. «rsmivx^^^ 30 

Hfrtsmi vx^/t^->^Tx^iLT. mess 2 f&* 

M*x-/^>^-T-5Ci:tC«tO, ffiemi&fftlK©± 
»C. MIEJB2«S«Bt3&»6/j:*Xv^>4rffl^ir*JgriE 

iEBlTXi'/^->4iiLfcg 1 fjlB^l^tt 
R^H>rfBx-y^>^fflvx^©±(r > K«*^3. 5tt 
T ©Sg 3 ij&^JBI £ JBeW & Ig <»: , 

mz&3mmm<D±\zmtt-y^>ym-?x>7&r>*,± 4 o 

^S:X-y^>^-r-S.^i:l'J;0. M/>?*Mt^I 
ii. 

Aft£x-;5 L >^fflVXi'*VXi7tLT, measi^tt 
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fT5. WjfcJgl 2, 1 6Sfcttl 7 
©§?i£^ffi. 

[«*JH19] iftBffettlfcP. ^Jfl£ latonicXBU: 

[|*#JB2 0] KlGlfiSiAi, *i«soGBt**tri: 
Lfctt^Jgl 17551 7©nrftj&»micB 

[0 0 0 1] 
[0 0 0 2] 

[tiE3l5©StfPf] ifi¥. ¥*#*«Eg8<0K&SK*8Kfc 

[0003] secT, nmfeftiK©£B (-r&fc-s, 5* 

[0 0 0 4] ¥&ft&tff£«UT. J:<f»&nfiin 
MiLTSOG (Spin On Glass) K*«*0, 
»M*ftlMlt*m©:7 n-*HH4£*ijffl bfc¥«fl:a«»w* 

[0005] SOGtll ->'J3><b^«*#**#JK 

>*±fi!t»£-r*it©«#T?**. 

[0 0 0 6] SOGtt«»J5S-r*Ktt. Jf. 3/ 'J 3 > 

1££[5Ji|fc£-tf-5„ "TSt. -t©»*©««»4. E»»=«k 
^T^fi£^tl-5)*«X©©MtC*fLT. -tOIHlffiKWJP 

■€-©&*. -t©»«t©««©*BttspS{l:*n*. 
[0007] ifccftftiaqtsnsi. *a#ffii#fft9B 

[0008] soGicit — jRic (i) x-mztiz*. 
viz. •> U a >ft^«iti;tM»^S&^iis o 
Git, -«5£ (2) T*Sn5J:5l:. ->'j3>ft* 
««f K#««K»*dtJ*«SOGitt***S. 

[0009] [SIO,]. ••• (1) 
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[RiSi.O,]. • • • (2) 
(n, x, y, z-.m®., R^MJUXttyj-il' 
g) 

#-f-5/^. liSOGlit *#Rtf*&S£^»t--g- 
■ [0 0 10] MMSOGmztt'<ftl l $'Pti.^h<D 

©. mmsoGmiz*>*ft%.tf*mm^tinT^z>fr 
to, mm<n?$m&ft?%<. io 
too i i] tct, a#tt. soGM^^p^^ic 

■p, 0j a xv c v d m iz «t o £ nfc -> u n 

>Kft«tt^©lft*«*SOGfflli:AJBIB*i:©niIK^ 
«ES-e-*Il4:*«fit>nT«r»« (08*. tf, HW5-2 2 
6 3 3 4 ^iiffi (H01L2 1/3 2 0 5) . 
[0 0 12] 

[fgHJ*t#j<£<iL.<fc3 tTSRg] fiE*«K:»oTtt. S 

oGmzwtfi.zntz^y?? h i/>^rtfc# 20 

©rtfi»£tttt«£LTsoGWjWiarr*fc«>. so 

Gfflt«f<0*»Xtf*»a©l«5«*BSiI:T<5^il4TS 

[0 0 13] *38f!tt. 
ifi*}* (3 n U #r*» -5 W IB^i »-r a ut$-f©IW 

[0 0 14] 

■a. «i£tft£. &i7M4te*M*&£M*.Tb> 30 

-5. JB1E81H:. Sflli^ajaftlCjlBMt^roiBS-e 

[0015] »*JH 1 "Ctt. ±fE©<fc 3 tc, SS 1 jftftjR 
C^l^»E^#®«S:S!W-5C:tfC«toT, -?-©JS 1 

nr. jKtc$sn**«"^*«»j&««*LSt>Bt*«»* 

;M6lBaiUHgV£-£A.&:V>. HOIS*. SI 1 mm<D 

m&t£z<D^^*mm\zffi±-?z>z.t.&-e%z>* * 40 

fc. SlTtt***i«S. £lEa£<Z>&tt»0>&K 

X. ffi3fl«ifcJ:«*MKtttirctt. SSiB&©«:ftft 
£©?FI»^*#^|fcE5li:-r-5C:i:**T^-5«i:i J bt. BE 

mmf&mm&'&z z. t&x-zz. 

[0 0 16] W*3S2 C<t5¥«#Sltt. IH#JR1 © 
*«fc*SHT. *2|fi1HK&. iS&fflifflP8B<t, SB2E 50 
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«i*S6C*ATH4. SB 2 ttftKtt. SBlEIHRtf 

[0 0 17] ff*3S2-e«> ±f2©J:3K, 3S2&giig 
IC»2^tt*^*«**l9:tt<5C:i:fCJ:t>T, -?"©SB2 
**Mfefr#«Wrtt. *M$i©MiAlc<k9. Blasts 

nr. 

Lt<<&om. dtxtrio. IB 2 murk* ©*# 

*»»2BE*K«k»«*#A/j;o». CWi^m. ?B2Ei£i© 

fc. *2**64*rS#*tt£, *2ffi*t«)Slifc«0*l= 
WtSCtCioT, ^*ft^SAf::«fcD£©gB#©Jfc 

T, «*«2tCj;a^*#:^ST-«. JB 2 BMOMO: 
«M*«t>«*«^. «*itt©i«^#2itft*gta»S&* 
[0 0 18] ffif#3R 3 fCck «*«2© 

[0 0 19] f»#3S4(Cj;a^^#:SStt, W#JS3© 

[0 0 2 0] M*«5l:J:5flfl:gSa. ff#£4 <Z> 
iff h*-*OIyf >^fflVX? Stf *. f»*3S5 

[0 0 2 1] fS**6C«t-S¥«*gett. MlfeMR 
fc. SB2*fe&Bt 1 t:, glEtt&. J61 ?tMte*ft*& 

4»D. iE^BtCjlb-5n>^^ hj|!-;i/StT6. 312 
h#— JHcaUS H/>?4tt5. ffSlEgjite. n> 

[0 0 2 2] tt*fl6T(i, ±IB©«fc3f^ M 1 Ife^K 
KIB13Ftt**#fR«*«»t*CilCJ:oT. ^©^ 1 
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#ft l EftKJBftWft^Afc^. £©*S«. ftiE^© 

m-ktzH<D7F&-&$:mmz&5±-?ZZ\£&T'g2>. ft 
fc. Il?MMt®«*. ftl*ftgdltl©-51>ftlEft 

t>. ftllftirai;:*t?*^0tt0ftft<DJtfittftttftffl 
LJEclr*. Lfc^oT, »*5|6K:J:**J»#*«T?tt, 
»lE»0*<ta:ifO^*ftS#«4lcttfjl:-r*ilt«»Tf 10 
22>ttb\Z. E«M««<b«AttVa. fiftttOfttrift 

[0 0 2 3] m*m7 C«t**i»#SE«tt, »#JS6© 
«*K*l»T, ft 2 «g»BS©^ftft«, 3. 5^T-Cfc 

ft. ftft«6 0ftl|ftftg|]»&tt«ftmie*K&. 

* 7 ©ft 2 MIHK* 5 JSt:«JimifilHH£: ft ft t»*itf, IE 

»Mft*ft«fc0««Lfc**&. »lB»Of»Ji£©^ 20 

ft^ftftascifcit-r a c 

[0 0 2 4] f»*3S8(C«ka^«#:«B«, 6 X 

«7©ftifcK:*5t»T, ftl|ftNM&ft2|&ftgU:0!>PII 

AS. C©£5f;:. n >^i? H*-jKDi7f >yfflv 
X?ft:fh££-frT43< ClitciO. =i>?9 b*—)l> 
ft. M/>fMffl©Iyf>^IifCliUTIyf 
>y»J*r*Ht39»T#, ^©*Sft. SSifiT'n-teXftfa 

[0 0 2 5] |||&qi9K:J:«ftW*SBt2. 111**1. 30 
2. 6 ftfctt7©^Tft*»©ftjs£fc:fe(,>T, f&fftfe&f. 

[0 0 2 6] ft#JHl 0E.fcS¥ilM*3i«tt. li*3S 
1, 2, 6Sfc«7(D^m*»©«fiK{C*3ViT. *&&jft 
«. ft«SOGft£*tf. 

[0027] m&m i i ir =fcs#^#se©sit*te 

«, ««±K:fti*6»«ftftft-r-Bi«fc. colli 

stsigt. fflKftifgttK£*t*«ftEfti7ffitt 
^*r<H«rtK. jBi«afflnp«B5*»rit-r-sxat. m 40 
12m 1 M&mmnmmzm, 1 Eisftifiie>&tjx*g<bft{g 
As, 

[0028] m&m 1 2 ££s¥*esB0S&fi3r& 

M©±Cf 1 ■77i7A:S'->5Mt2.Igi. d© 
ft 1 TX^/1^->ft VX^t LTMfEft 1 feMR£? 
tt«*aA-r*diCJ:0. ftllNURlC. ftlTX? 
/"«^->©HP««k 0 1 
fiK-rsx^t. ^177i?y^->^YX^iL,T. ft 
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ft 1 3F»E«*W«*S*T*SB 1 «&ft HP 

gtftftAS. 
[0 0 2 9] 1 2 T-te, ±fB©«fc 3 fc, II Sfeig: 

* l TMtteffftWVtt. **E»©ftAfc,fcD» ROTO: 

Bft*UKl<<fcoTH*. ctifciO. fti*e»Ig+© 
*#*«ft 1 B«KlEIMre-*X.ft:fr>. -e©*§ft. ft 1 G 

IlTMttMMKt. ft 1 Eft £ ©&«&©* 
Ic^fiet-S^ifcJcoT. *i*ftftAlc«fc?>;:©«a-© 
&««ft!^F«ioLfc«£-C*oT*>, ftlttJHKC 
fc****©ft©««©ttfiMifttt*ftU&^. L-fc^o 
T. ftjfcJgl 2 tC±S¥##gg©§S!ii**£;T-te. ft 1 

tifcJc, Eftmftftt>«4itifr>. ftftttoft^ftili 

e a s n raiftftffiift «a k « jfi-r * c <t €? 

[0 0 3 0] ft*:, IS*«12Tlt ^fc* HfeWBtK 
ffl#tt£ftl7tt4teftfRft£ftftU COfel^ftKtt 
*ft««rtK:ft l «afflMP«ft»*-r* - ii: «t 0 . 

fC©*f«ftfcftfiW * d 

[0031] nrgus i 3 \z£z>¥m&mw<?>mmjjm 

tt, W*3S1 lSfcttl 2 ©ftj&Kfe^X. ftlE^SK. 

ft iE*caii;-&ft2SiifflHin«ft»fi!E-raist. 

ft 2 HjXfflM PS5rt left 2 E^ft«*jityX@i ftffi A 

[0 0 3 2] m*m 1 4 (C=tS¥^#:SB<OS3ig^fe 
«. f»*JSl ltfcttl 2 ©«BEC45(rJT. illSa 

af« i ieiM)i©±tc. ft2*ei»Kft^)5£-r-5xa<h. - 
©ft 2 ttjasc5-a!i:^tt«isiAbT» 2 ^fj^w 

«*S»*t5Iifc, »2tftl^K::feW-*ft2**fi4fc 

ttm*&pnz* ftiE^(caD-5ft2«ixffl^pgi5ft® 

fig-T-SXat. ft2iliiffl5SP^I^(Cft2E^ftJlii>ii 
tfX@<»:ft{lA-5). 

[0 0 3 3] 4TB. ±fB©«tp»C. ft2ijsfei^ 

MKft2^tt***««fta2CtS^i:l=J:oT. ^©ft 
2 3Fte«^*«*Ttt. TM^©»AtC«kO. ^ac« 

*LK:<<36:oT^a. dtXtCckO, ft2«fe»M*©7K 
#*tJB2EttK:lEl$*£-**.&fr>. ^©iSSm. 
©H6^t*©5ptB^ft#^)tcB5±-rsct*tT€r-5. ft 
fc. ft2^*6«**««ft. ft2E«t©««*SB©*-^ 

^ge-rscitcio. ^FiSse^^Aic.ktQ c©gB^©it^ 

«*««*Ti||liaLft:»^T*oTt>. ft 2l6IHfti:«»t 
■5-tOte©««OtfcBtftftttftlniU3a:t». Lft^T. 
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(Dm-kuE^^^mmzmit-t z z. 
[0034] sfc, w*JHi4Ttt. ¥tt>m2mmmz 

. «2 7tttt3#««&£2jI&ffi0lnffi0Mfi (1*38) 

[0 0 3 5] BlJfcm 5 J: 10 
tt. 3Sfcttl 4W«fig(C*3t,iT. |g2J£&ffl 

HHPgBtt, mi&mzmVZ^>?9 b*-AiiZ.<Dzi 

[0 0 3 6] f»*JSl 6{C«fc3¥^#g«©g!i£#?£ 

IB3|ft«aBt©±C, »4tt»K*»fiEf-6JB2lSi. 
SB 4 te*KO± tcffl 2 V X ? /t ^ - > « « 3 X 

iC^Mft^At^^tlCiO, ^3*fei^MfC. %2 20 
fiKmsiSi:. S2?Xi'/^->»*tfcE 

% 3 x y ^ > ?m vx * © x cm 5 mmmz 

Xi7<fc 0 t>*S«riBBn«S*ra*3 VX?/^->£r 
gtfc. xy^->^fl|vx^©BBP««fc*)t)**<J.t>J8 

3 f&mmvm 3 *«<»dwtt*±icffi«TsiS4 

***«t»*taiat. $3?x^n^-x;S^ 
HT. »4^tt«*W««&Xy5 1 >^-r*i<tKJ: 

•TSIgt, Xy^>^fflVXi7lC*^T, 95 3**6 
»^#*«*Xy^>^-r*Ci:fC«k»). <B'JeiCig3* 

«>e%^ ; tss^^ ; &-r-&n>^i7 h*-;t-£^j£-r-g>xf§ 

<h. □ hsfr— )Vm*hl>>3 L P\\zm2&M*misb 40 

[0 0 3 7] f|*3l 1 6 T'«. XfB©<fc 3 IZ, S3 *5«t 

c«s 5 mmm\zm, 3 * 4 7ffi«r^#«««»jft-r 

SCiiKckoT. *©*3*«fctf*4*W*!l$*rfS«T 

*. dtKCtO. £3&tf£5£IHK't'®*ft-**£2£ 
<D^fP^*#5afrB5lh-rSvl£^T€?-5. f 3R 
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nmm^-mwhrzm^-Q$>^x%. se 3 Rosiest 

*bT, ffitfrai 6K±5#i£f£ge©Sig#i£T*«. 

* 2 eftoratt ii<DT%n-e>&mmzMik-rz> z\t#-c 
3 * 5 ttWK» & &«nnBiuui«*jiic8s-r 

[0 0 3 8] B*ai6Ttt. TOft3«ftHK 

*4^*6«^#***-€-n-€ : n»J«L. u<D$3R^S 

MtSCT, ^3Wf4^l)§ti«(5M/>f 
in^^j-h*-;^©!! (Afi) t©*«^lc^fi£ 
-5,, 

[0 0 3 9] M»C f»*JSl 6TH, Sf§3«e®BI£SI5 
*fe&ffil«h©[HJK:. S2^X^/1^->^^eE^-ti-T*5< 

[0 0 4 0] »*JS 1 7 tCt^^^^BWSit^S 
tt. atR±fcjgfig$tifciBISl**«5J:5K:JiSl|ft»it 

tilit. S2*fei»a©±{cSlTX^/'?^->^^ 

l*ftlMlt»;:*M«*£A-r -SdiJC^O. I§lvxi?A 
*->©»□««£ 9 fc*#<jatJE*MTtK:tt«T-B« 
l^»l«^#flK**»BU"r«XSi:, 
>£-7Xi7<hL.T, »2«W8Slyf>mrtl: 

.to. as 1 nmmo±\z. i2MMi^a5i7f> 

«llfe«kBtRrXxy^>irffl-7X^©±C, 

^ff5l2 7X^/V->5Mf5Igt, MI2V 
Xim^->£VXi7£:LT\ S3«feigtM$x-y5 1 >^ 
"TactCfcO. M/>f$Mt5Iit, x-y5P> 
^l?X^$-7X^i:LT, *l^*fi«»d#«**Xy 

t5n>^i? h*-;P4f rict^Igi, n^^h* 

- jpr h u > =f- n \z m i mm tr ig <t * m 

[0041] it 1 7 -ctt. ±i2cD«t 5 c, s i mm 
miz&i*i&V!)'smmm&&ttz>z.ii\z&r>T. ^<dw, 

»*iS 1 G*K:W*«-tFX.«i:tr). ^-W^m. f lEi 
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T. B^Jll 7 »c«fc**i»«cSE«0«ar*j*Ttt. » 1 

[0 0 4 2] »*«17Tlt ?g3*feigkBI<i:LT 

T. E*M*»*J:B««L.&a»S. IB 1 E&©JS*fc 
[0 0 4 3] S^17t?lt ^»Si 1 IfelMitfc 

Smm®PVZn>?p V*-)lZKfctZ>Z.ii\z£.r>. 

[0 0 4 4] MIC, tf«qf 1 £lf&iMB£:3£3 
[0 0 4 5] tt^Rl 8C«fcS#iJJ#gS©SSig#ffi 

ftWiau^e^ttftS-f ci»:«k o , $£ 30 

[0 0 4 6] «#JS1 9K:J;*¥i*#S«©aiifc&i£ 
tt. «*JS1 1~1 7®ti-rn*»©«*C*t»T. t&f» 
Ktf. latonicX£t±*#f *->U 

[0 0 4 7] «*312 0CJ:«fi#SloaS^ 

tt, W#JHi i~i 7©i>ftiii»0l^l:*t)t, iSsgi^t 
Ktf. ««SSOG18l£^tf. 
[0 0 4 8] 40 

[0 0 4 9] 01 1 ftWgttK:&t?<&¥*ft:8B 

©»fS0T*5. 131 fC&t^T. WSy'j3>S«l 

iSOGi3 rt»-«y-T-> >ffi*flH,»T£*UE* 7 *«■€■ 

©±iS*Ti»aihti»s. *JBE«7*««ae>ii*n 

fcFU>f 6 ©ftglcte&H SOGI5 AJMSnt^ 
•So 50 
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[0 0 5 0] fiSOG!3, $lSOGl5K^I 
E8f!7CD±»Cte, ->U3>»Ykil8*«»J«*n, d©-> 

K8&tf««sLE«i o<d±.\zia. tisoGi3, & 

RSOGBl5&rXA«E«7i|PI*C. fiSOGll 

i . 2!c»sogii2 jkW&mi&M i o tm^mzm 
arr-s-Ui&JBEis 1 3i«$nx^5. 
[oosi] acic *&mi&&<D¥m#mm<Dmmjjm 

[0 0 5 2] If 1 (B2#ffl) : (10 0) pS! (X 
« n §g) *I8 A -> 'J a >S« 10±C > U n >I£ft;« 2 

(«JP-:»2 0 0 nm) *»J«U ^OJ;lcW«SOG 
■ 3t»at6. ^raSOG^3©JflfiK« [ (CH 3 ) 

2 S i 4 O, ] „ T\ -E-<D)KP«^6 0 0 nratSS, 
[0 0 5 3] ->'Jn>&<ft;«2«. ^7X-7CVDSl: 

&m (S i H, +N.O) . ; E/£>^><i:^m (SiH, 
+ 0,) , TEOS (Tetra-ethoxy-silane) Lf&$% (T 
EOS+O.) fi£ffiS&Kte*?J3 0 0~9 0 

[0 0 5 4] yU3>i«2ll ^5X7CV 

DSK^O^ffi (^JECVDft. ECR 
^X^CVDS, TfcfSiSC VD?£, TEOS-CVD 

S£ECVDST?ll^n5^H ; E>' ->5>t^* (S 

iH.+o,) -eabo. B£MiaStt*tJ4 o ox:wTTfe 
tM^ts* (s i Hi + Ni o) T'&v. azmmmtto 

9 0 CCJWTT&S. 

[0 0 5 5] tlS0Gi3 0M^ll 

a«o>''J3>fl:^«»©7;P3-;u**« («*.«. i 
PA + 7-trh» *»«io±»^«lTbTa«*ia«KjS6 
ft : 3$ 2 3 0 0rpmt?^2 0fJ>|H] lei Cl©^fK<D 

««6»sio±i:Mn. dot*, 

[0 0 5 6] ^(C, g^gfflm+fC*3^T, *51 0 Ot 
T1#M8«. *52 0 0tTl»WSa, ^3 0 0tT 
l^^eS. $52 2tT*lMgS. ^4 3 0 < CT3 0 

3 0 0 nm©tlSOGIS^MSn5. C©feM«fig 
0 0 nm©tiSOG!3 ffti, :©tiSOG 

[0 0 5 7] I©flSOGl3(i, Tiftffi^a&fc 
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tl-5. SHSOGI3I1 mm* latoniic%W±^Wr 
[0 0 58] I§2 (03#S9) :WISOGIi3C!)± 

, [0 0 5 9] I@3 (@4#I) :Ui?Xh/1*— >4 

*<ym (*d» -r (B i ) *Dmx.*)i*- •. m io 

1 4 OKeV, K-Xi : ^J2 X 1 0 1 5 atoms/cm' 

[0 0 6 0] WISOGI3I1 
^$ftf. *»Rtf*SES^i^ L^t ift/J^ S O G 
It (BIT. SclSOGliUp) 5fc£*sn*. :cd 

SRSOGI511 l^X h/1^->4CDMnaCJ:Clfc 
A#&&C&-5„ ft. d<735feRSOGK5*^ *^BJIC 20 

[0 0 6 1] £fci<£>Bt. U5?Xr- At*- > 

4 (DBS □ LSjIg&Sd^T Ai* < & -5 J: 5 * 9 

lcSt3j*»^6«Etal 5° -6 0° SBE©***-*?* 1 ** 
^■t>*mx-ti>^t^m^.L^\ Z\(D&v\z, ->'Jn 

Am tmxnz. 30 

[0 0 6 2] I§ 4 (BI5#1) :?I^UyXM 

SSOGI5 tca«6ii^?L<i: LT<£> hU>f6 ^fiTT 
-5. IgSK&^T, SSSOGl50f*5l/ 

-^X h/X*-> 4 fflHP»©gJ:0 tlT 
^-S>fc*. hl/>^6<2ftSti&Sf SOGJg|5-T:*8fi££ 
ftoT. CCDhU>9 1 6|^{C^i2B-r-5<t5{cE^ 
£if*!>&A/Tfc, *«SOGK3{C-^*n-S)*^*^ 

&&&m\zm&w& j §-A.t£^. ft. c©hu>f6ii* 40 

[0 0 6 3] Sit, &KSOGI8t5©it^S33«3. 5 
T. W«SOGm3©it^*^ (2. 9) CfcfU ^T 

ssi^a*. **«»!8TrJ4. &stsoGBii5«. 

6<Of^S(C©*-??«EL. ^nBW©<I0rfctW*&SOGI8l 
[0 0 64] 115 d36#!I) :|/j;xh/^->$ 50 
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<^fcXAty*X-.y^>*lCj;oT, hl/>f 6rt^^U 
-X>*b7c&. M'>f6^, &«SOG&l5Rtf*r 
msoG^3»ii(c. v^hn>x;t7^ffi J ?'CVD 

f££ffl<^T. ftiSWJtliilTroT i Nl^l 

T. Cul^Ml, CMP (Chemical Mecha 

nical Polishing) ffiSrfflt^T. Cu^<D^®£#f^ 
U »*|B<)(C h U->^6rt»C(D*-T i NtC urt>€>&-5 

^feASte. — «6(C«*-7->> (damascene) Hitman 
TH*. ft. CO*JBiE*7 39»*:5BKK:*ttS rjg l £ 

[o o 6 5] in 6 m 7mm) :ttsoGi3, a 

RSOGfl!5fttf&JHE*7 0>±lC. lfD6 0 0 nm 

[0 06 6] 117 (0 8#I) :0St^l/yXh 
5>^>*#X<fcLTffll^5&;££x-y3 1 >*£fT^, > 

u =i >mtm 8 (c^ssh^ 7 tcii i; s n >* * h ;p 

9 £JE5ES-r<5„ 

[0 0 6 7] ^fgfttfX (0y*.tfAr) SflJUfc 

XAt^*Xyf L >*tcJ:oT. n>*£ b*— ;U9|*i2: 
*U — x>*Lfc«, n>*^ h*— ;U9l*i*'&tr>'U 
n>»<tK8 0±fc. V^hn>X/t7^S J ?'CVD 

j&u -?-o±(3, cvDm^t^-y^m^m^x. Cu 

BISSAU HfC, CMPSSI^T, CuifflSIS 
iSb, gif&ttfc:3>*^ h*-JP9[*Jf;:T i N<hCu 

[0 0 6 8] ft, C©Ig6RO:i@7 fciS^Tfc, X 
8l-5iH«. >'J3 >BMfcK 8 KftATtfW SOC 
m*m». -i *>aAi'.fcDgB#Mt;:&3tbfc*g. ckd 
&ffg&#iC3>*? h*-;U9£Jgf£U C©3>^^7 

h*-;P9rt»r»«7LE«l 0£««>&*»j*-r*«fc'5 

[0 0 6 9] Ig8 (B1*J») :Igl~Ig5t|5] 
«®^ft*ffl^T. fiSOGll 1. StgSOGll 
2£I5fi£U ttttTLEfll 1. 0 &ttattK&tt-r« 

±^^JSE^13 (TiNiCut©«i) 

[0 0 7 0] c:f, i9lit!SOGl (*fflS) R 
tf&KSOGM (Ar-rt>ttAilI) <D^-n^-*nfC^ 
S^1«T3 O^r^O^aS-SgL. TDSg (Thermal 

Desorpt ion Spec t roscopy) ^rffl V^TSffi Lfc^^<&^ 
LT^4. «, -ft>aA^frli, JD^X^;P^- : 1 
4 OKeV, H — XS : 1 X 1 0' 5 atoms/cm' Tfe -5. 

[0 0 7 1] u©i9H H.O (m/e = 18) \ZM 
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\Z, ftftSOGIgltiH, O (m/e = 18) (cM-fSafc 
[0 0 7 2] 01 OitmmSOGmRZf&MSOGme) 

ftattsw^saw-c. fisoci (*fias) . mm 
, s o Gm&mm? ? x-?izmL tc^o) mm^^x-^^ 

S) Rtf&ftSOGBI (Ar^*>SA) fcjMJ — 

SLTW, K^CTK^Stt. FT- I Rffi(FourierTr 
ansform Infrared Spectroscopy)£fflH1\ ^^©HXX 
h;KDO-HStCgg-r-5©iR (3 5 0 Ocm"' ttift) 

: 1 4 OKeV. h'-XS : 1 x l 0 1 5 atoms/cm ! T 

[0 0 7 3] il0$#ILT, i^y7X*-7l:iLfe 

##*BttLTt>« SBSOGI 

«, -f^>aA^friiSaLTV^V^^T^C<. 2MJ — 20 

>;U-ArtTA«tC»gLTfe, ^ttSOGBSfcJfc^T 

[0 0 7 4] EPS. ScSSOGlll #«SOGKtCJt 

[0075] hi 1 1 it&.nsoGmi&ztmmsoGmv) 

Ktffc (PCT) (iDSK^WdiT*, **SS^^T'«. 
ftftil/T. not, 2 mJE©fiafP*^^liaMTfT 
ofc) LfeMI^LT^^. FT-IRffi^ffl^T, 

wtisoGie^coo-Htr^-r-sKiRtr— ^ (3500 30 
[0076] <i*>&\m&mKT&mi£tt*&nvit 

U.® (Ar-ft/SA: 2 OKeV) $fflb, 
ftKLfcfcco (Ar-f^SA: 1 4 OKeV) ^&©L 

[0 0 7 7] (-f) *RbTt»tt^*«SOGJK*PC 
TLfci^, 3 5 0 0ci'#l 

is) amiR&m&mmi3.mM&7K-r. 40 

[0 0 7 8] (D) &ISOGit(i 3 5 0 0cm-'tt 

[0 0 7 9] K±©»**&, <t>^Ati.^t 
[0 0 8 0] fft. ±130 9—0 1 1 lC*Lfc*»»C*3t,» 
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[0 0 8 1] ±fB0 9~0 1 1 tH-r*8BJfi*d«6. * 
WSOGKKtftfSMSO-f t>$iAt-5CctT, SI* 

tf*&S£i®'>;*-tt. &«E&©Jg:fe*B5it 
L fc 0 . x > 9 \z J: 0 L fc t* T * - JKDffliJg K 

^TtB6»*T*a #M¥9 - 3 1 2 3 3 9 

[0 0 8 2] £t±. **l*tt»MlC»oTtt. W«£S 

^8cRSOG*5S»«TS££T. &f!Ei8§} 7 ©Jg& 

[0 0 8 3] L*>fc. «&JSE*7(D|B]lCtt. flfe&lfiJK 
f!SOGK3 (&SSSOGBI5) ©*tft#ft-r*fc 

[0 0 8 4] (*2*JfiJgJg) *»W**#fl:bfc*2 

[0085] S12 2 ^mMmz&rtz^mmm 

W;<D®iWm-C~$>V. ^fr<$>Z> ; r=LT)W-?i'> (dual-d 
amascene) te&ffi^T^J&£tt;fc£JIEi&#tj££3*LT 

[0 0 8 6] B12l:*HT. fiSOGl3, SIS 
OGBt5Rtf£JRE*7©±fctt. t«SOGK2 0tf 
W$tlT^5. C<39#^SOG^2 OiCte, &J5EIH 
7(caD-5n>^i7 h*— Jl/2 1 *tJBfifcSft-0»S. # 
ISOGI2 0(D±(Ctt3>^i7 Htt<-;U2 1 £ffiJfi£-r 

2 2 ajWBfiESft, 3fJC-€-©±C#*8SOGBS2 3** 
»jS<**u c©t!SOGl2 3i:(l n>^h*- 

Jl^ 2 1 CI U5 M/ >f 2 4 #»«SftTH5. *PKS 
OGI2 OK&tt-Sn^^ Vfo—)12 1 ©rtgCtegfc 
SSOGI2 5*!, tfSOGl2 3 fc*Stt« hl/>f 
2 4(D|^^tCtt5feSSOGa2 6A«3nTH5. 
[0 0 8 7] fLT, 3>^i7 h*-;U2 1 P^'RXS V V 

SES2 7iO«SnT^i.. &i5, ^ro±g^JgE*S 

[0 0 8 8] jfcfc. *fS2£ffi&tt<D¥*ttgll<DSft 

2-02 o cfiEt>TR9rrs. faa. uti 

ft^lCiSttSlS 1 ~It6 (il~I6) CO^T 

[0 0 8 9] 1110 (013fl) :ftiSOGl 
3, *HSOGBt5&tf*«E*7©±K. BUP»6 0 
0nmfflfffiSOGl2 0JMtS. ^<DW«SSOG 
120 O&tt&tf »a^Ftta±G«T« SOGH3 <t|Wl# 



( 10 ) 
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[0 0 9 0]Igll (Bll4#Rg) :ffSOGK2 
0<O±t^U3>S{bl»2 2&Mf&*tZ> 0 fa, ZLtDisV 

[0 0 9 1] Igl2 (R15#R) :5/U3>ftflai 
2 2 0±tC, l/yXM?->2 8^Mno ft, C 

[0 0 9 2] IS13 (016#I) 10 
>2 8£VX^<hLT, ±|HXe3<kH«©|pJC»«>-f 
*->ffiAffi«rfll^ tiSOGl2 0l:«L, 

<^"> <B*) *iJDi$X*;i^- : ^ 1 4 OK 
eV, K-XS : 2 x 1 0 1 5 atoms/cm 2 O^fefrT H — 

yr^o co^tc* t(ssoGi2oi:*^$<t> 

SOGR2 5f:SE^.enS.^©^ *^«>f*>ttfi 20 
ftSl6l*^aASn5fc«), CICD&|fSOGjgj|2 5tt, 
US?X h/^->2 8 <Z>liBagB<J:D fc^SttS^ft*. 

i:oa:JtsoGil2 5^ r^2^F 
*E«*^r««xtt*3^F*e«**rfH«j fc«Mi-r*. 

[0 0 9 4]lgl4 (HI 7#J») : R I EftKJ; 
0, l/yXh/^->2 8^-?X^iLTy»Ja>gft 

£ e 30 
[0 0 9 5] Ig 1 5 (0 1 Smm) : WTs 
>2 8*»SLm &SSOGBI2 5R^>ij3>S 
fb^VX^ 2 2 a<D±\Z. tt/P^6 0 0 nm(OtiSO 
Gl2 3SMt5„ :OfiSOGl2 3(7)«W 

®dc*ft»4±«a**soG«3a:ig«"e*s. m. zkb 
t«soGK2 3it *5tm\z$>ttz> r»2ifiMURxa 

[0 0 9 6] 1816 (H19#H) :fiSOGl2 

-T£o C(Dl/yXh/t^->2 9©iP»l yU3> 40 
Sft«^X*2 2 a<OHP«**3K *©ffi«fe, ">U 
3>»tH7X^ 2 2 a©tft<k!3fe**K d<E> 

[0 0 9 7] Jfcfc, l/yXh/^->2 9^VX^<!:l 

ffflSOG!2 3fc#U (#P» -ftf-> (B 

*) *bmx.*)l*r- : #51 4 OKeV, K-Xi:»2x 
10 1 5 atoms/cm 2 (7)^fr-eF-yt"^o ^(D^3fr, 
tiSOG!2 3 K 50 
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[0 0 9 8] fiSOGi2 3ft *r$Sf£# 

SOGl2 6{:fi^n§o *^^-r^->^ 
»#GW>'&aA**V5fc#, C0&ISOGI2 6MU 
l/yXW^->2 9<£PBP^<£9 *>*£&^Cft£o 
c^3S:ISOGl2 6^ *3691K:43**S rfg2^F 

[0 0 9 9] Ig 17 (B2 0#l) :k>7h/W- 
>2 9WyUn>gfblYX^ 2 2 a£*TX^£L 

^4»*ttX^5 1 >^*ff^, SISOGl2 5Wa 
SSOGR2 6$Xyf>m. £<D»£\ Sfl/y 
X b/^->2 9 t(gi;BBni|iTBfeHSOGK2 6 
>y^>^^n, yU3>gftl77^ 2 2 alCWjBLfc 
«f-«T*KSOG«2 6M7f>WH7l, S-T, 
S1SOG12 6fChU>^2 4d«^?n^o ffi^ 
T, yU3>gM^^2 2 a^TX^iiLT, CCD 
■7X^i:Hi;BBPST3S:«SOGIK2 5^X^/f>^$ 
n, &1SOGI2 5C, ^SIB^7 i:li;43>jr? 

h*-;u2 i sjgfits. 

[0 10 0] HOckSK:, y'J n s^\\Mr?7,9 2 2 a 

>f24t3>^^ h*-;i/2 1 m<OX.y^>if 

[0 10 1] L^fc, ^BBPiffiO/S^ hl/>^2 4 * 
MlT^b, -€-<D&lcrj>^* h*-;i/2 l ZmfH-? 

-<T7X^ hJt3W*<3te6f B , Xy^>^ffl»W«¥ 

[0 10 2] CKD^p, III 3^^d^T, &SSOGI 
2 5 0«««'>U3>^tl«^A^ 2 2 a<DMPg&<Dg£ 

ofe7^^<^^^n, iii6tt^T, aasoGjs 

2 6 <&i|Ba* US? X h/1^->2 9(©IBP*lcfc0 
MStlT^5fc», 3>^^h^-^2 lOftl^gc 
«SOGK2 57?i«Sft» hU>f2 4<7)J*lMtei&« 
S0G12 6T«^ 0 fot, Z.(D^>??h* 
-)V2 lWM/^2 4rtJca^"rScJ:5^8a»&« 
<£>&A,Tt>, tiSOGH2 0, 2 3l:tSft5*»^ 

[0 10 3] &ISOGJS2 5, 2 6 0)^^ 

I«n^n3. 5T, tiSOGIS2 0, 2 3£>g-I£^ 

«* (2. 9) k»u ^p*iri«t, *m2mmmmT* 

tt, SKSOGK2 5tta>j^9 b*-*2 
<02h£«EU &ISOGI2 6Bhl/>f 2 1 ^F^MtC 

«S0G«2 3OiiT»5ft6» «£<*:<Otfc««*** 
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[ 0 1 0 4 ] IS 1 8 (012 #JR) : ^ffitttf X (fiaj 

>^2 4Rtfn>37? h*-;U2 1 F»g<£r^ U-x>^L 
h U>5^2 4R^n>;5'i7 h*-JU2 1 fy^ts 
fiSOG!2 3RMSSOGI2 6C0±IC. V^* 

tltlTOTiNIUML, ^-CD±1-, CVDffiX 
. B^y+S*ffl»T. CuIWl. Hie, CMPS 

4St;3>^^ h*—)ls2 1 fttCT i NtCu*»5S5 10 

s. 

[0 10 5] kLt. *IB2*»»IB»C*^Ttt. 

[0106] (tezmmmm *ftw*mmti>tcm3 

[0 10 7] H2 ltt**3*«JB»K*W*#iIW*:S 

[0 10 8] B2 1 K*«r»T. tiSOG!3. Bfcjf S 
OG«t5X^«ffi»7©±Ctt. t*SOGK3 0* 
^©*ISOGK3 0I:B, &JSEHI 

7trai;-5ri>^i7 h*:-;u2 iai/c©n>^^ 

-;U2 1 CMC* H/>?2 4*i«$nt^4. 3> 

h*-JI/2 l&tf hU>?2 4<BftgJ-«3fefSSO 30 
GBI3 1 ^M^nTt>5. 
[0 10 9] fLT> 3>^i7 h*-JU2 1 WRtfM^ 
>f2 4rti:«, 4AB« 7 &«ftttfc:ffitt-*-S±J|& 
I1S2 7*«Jgj«SnT^S. 

[01 10] *k, &&mMm<D*m&$L&<Dmmi3m 
zm2 i~0 2 8icfie^Ti»Bj-r^o m. mi&mmm 

tCfett&Xl 1 ~X16 (il~06) tC3^Ttt, * 

[0 111] I§2 0 (02 2#I) :#«SOGBt 40 
3, 3feRSOGil5 2S:^JMB*7 0±K. if|!)9 0 
0nm©fiSOGg3 0^t5. COWttSOG 
H3 0Offl«Xtf»j«*ffitt±EW«SOGBt3 & n<K 

SOGBt3 0*«, aMSiJiK**** rSf|2|6l&Blj fcffi^ 
[0 112] 112 1 (02 3#Bg) :tISOGl3 
-T-5. 50 
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[0 113] Ig2 2 (02 4#i) 
>2 9*7X?i:LT, ±IEXl 3 £ mOHKAA'T 
t>SAffiSI^, fiSOG!3 0CSBL, 

<#a» -f*> (B*) ettttX*;U¥— : »i 6 OK 
eV. h'-XI:*52xiO' 6 atoms/cm' ©^ff-C p— 

iiroi^i:. ^rHS0G^3 oiiufr^sis-f 

[0 114] ^-©SgiH. tiSOGK3 Ott. Wfigfigtf 

soGi3ii:ix.^ni.. £<z)B#> ti^ym^Jryitm 

J6^rRj*'>e.aA^tX-5fei6, Cl<7)3«cKSOG^3 1 tt. 

i^x h/t^— >2 9 <7)BBPg&<fc9fc:*€f testes. 
Vt, i®5it»SOGl3 1^ *^qetc*5tt«) T^2?F 

[0 115] 112 3 (El 2 5#BB) : h/t^ — 

>2 9^'7X?iLT, 7PD*-#>^XSly 

SOGI3 1 -!-©if^4 5 0 nmfC7S^)*T'X 
7f>yi/. u®a:fSOGl3 1 hl/>?2 4*K 

[0 1 1 6] XI 2 4 (0 2 6#Bg) : 
>2 9*Pfc3eb&», Stf&RSOG8t3 1©±IC. U 
>>X h/t^— >3 2 ^©U-v'X h/t* — > 

3 2<Dfflnffl3 2 a«> h L->^2 4ftK&B-f-5. 

[0 117] 112 5 (|2 7#I) 
>32$?X^iLT, 70D*-#>i©^/X$l7 

soGi3 1 &x-y5 i >y-r-S). 

[0 118] 182 6 (@2 8#I) :l/yXh;^- 
>3 2 5r|^*-r-5^ S«SOGl31lC, & 

BE8I7 tcaU-S M/>f 2 4K.tfrn h*-;i/2 
1 ^i^t^. 

[0 119] Z\<Dm. 112 2fc*^T, SI SOGI 
3 1 <D^tmifiV~JX h/t^— >2 SCD^aiUcfcOfcTC^ 
<MSnTt>5fcJ6. 3>^i7 h^-^2 lRUCh 
>^2 4©rtMtt3S:MSOG)K3 lti^nS. fto 

T, c©3>^i7h^-;i.2 i&^M/>f 1 2 4i*gi:t 
arT£i;5K:E^£:iI«4>&A/T : b, f«SOGK30l: 

[0120] SOGI3 1 Oit^m^tt 3 . 

5T, fiSOGK3 OCDitStW (2. 9) fc»U 
STM^**. *fB3*«»*T?tt. S:lSOGl3 1tt 
Zl>&i? h*:— ;i/2 l&tf bl/>^2 4 ©|*)gl;: 

&u ^n^©<®RFf«^r«soGM3 ocsmi. 

[0121] XI 2 7 (021 #Bg) : JRgtttf X 
^.«Ar) <£ffl^fcX/t7^l7f>^l:<tt3T, hi' 
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>^2 4Rtf3 b*—)l2 1 U— 

fISOG!3 0Rtf&fiSOGBl3 1 (D±{^ 

•VS<i:LT(OT i Ng|£^fiKU -£-©±tC. CVDSX 

*ffl«r»T, CuBt©*iESWaU ft*l«Ifcn>^^h 
. ;i/2 lRU!M/>-f 2 4F*3fCT i NtCu*»?>&li 

±s&se*£2 7 *«jc»a*»*-r*. 

[0 12 2] *jS3$tt&ttft>5&ST««&ifitt£& 10 

coi2 3] : &WL±\zm i tmm imm so cm 3) 

AIT^*^1T«« (SRSOGI5) ^MT5I 

t, HEflll«i&fl!9l!0«l*3fcSSlE* (&Jg6E^7) 
£«»atxi6£. tteJRUfeMUKRtfJBlE««!>±K: 
*6ftMUR (fiSOGl3 0) £Mt5Igi. ffi 

->2 9) £©Sg 5 77 i?rt& — > 

i7 1 Lxmmm 6 tuutcatfrtrti** <e>*m^£ 

aAfSCtfriO, ffiE£6f&«Mftl::. Ht(IB^5-7X 
>©W □ 0 < ja^fjESg 1 E«LkK: 
fiit5i55F«^tI« (SScKSOGK3 1) £JP 

->3 2) fcJgjS-r-SlSt. ^Ol6?X^/t^-> 
»c*^»T, meSS7Ntt«*««i:. flftEJBiE* 30 

fcH3l33>^i7 h*-JH*UC ffiE& 1 EMfcttftttfc 
[0 12 4] *»3*16JgBK:*oTtt, n>^i7 

— ;u 2 i Rtf hi/>f 24 ©rt&K-e-n-enefcSi sog 

R3 1*Mt*Ii«. ±E*2*S6»»©J:-5fc2 

[0 12 5] Sfc, £-fBB □«©£<>> hU>^ 2 4 £7£ 
1&LT#"E>, ^©^C3>^^h*-^2 1 

[0126] ou&K&tt) *mm&mmthtz.&4 

[0 12 7] i2 9lt £4£t6&£l::43t?«¥«ttg 50 
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OGWi, h*-;P2 i©rtfi:o*fiSSti 

[0 1 2 8] 0 2 9£#BSLT. U n >»« 1 

<D±(C«, 3 0 0 nm~ 5 0 0 nmg«©&JP£*r-r-S 
Eil4 2*iMSntH2.. E&B4 2©±fctt, 9 
0 0 nm~l 10 0 nrnga-OBUP^W-r-S^rttiS OG 
R4 3«t»**nTH*. ^©#^SOG^4 3lCtt, 
E&U14 2 fc»U*:3>** h*— ;p <h*7*— ;W 2 

l^M^nXl^. t!SOGl4 3©±IC(i3>^ 
i7 h 7h — 2 1 ^®Bg-r-5fcfeWX->5 : ->d7'-7X^i:L 
T©->U3>gft;i7Xi'4 4 a #*2 0 nm~4 0 nm 

^4 4ail fiSOGR4 3<tHX7f >^S^ 
ilti. ->U 3>^kMV7.i7 4 4 aJttdte. f£® 

^3. 5EtT©<ig|m^*fe^4 8 7^3 0 0 nm~5 

o o nmmmcDmm-vMi&znT^z. 

[0 12 9] ^ffliil$«il4 8ilTH 
«. WfigSOGSg (R«^2. 9) Sfc«T^JU7rX 
#-#>SI (K*^2. 0~2. 5) f«c£*<ffll/»e.tl 
-So C©Iiif«il4 8ibTH y'J3> 

HJh-^2 1 (CjiC-S h l/>^2 4#Jgfi)c£tlT^-5. 
tISOG!4 3lZi3ttZ>Zl>?9 b*-;U2 1 ©F*jg 

[0 130] £fc. n >^ h*-JU2 1 F*3K.tfb l/> 
?=-2 4(*KCte, faT^y^SSffl^T, IBil4 
2itftW»:a«t*±I*IE«2 7^i*astiT 

6, 17) iz&rtz rtiggij 

[0 13 1] IIT, &4mMMWiT'te. ±m<D£o 
\Z. f 1SOGR4 3 l:?«W#A^ntS«S OG 
14 5$riSlt-5Ci:ICJ:oT. WfiSOGl4 5T 

\t. ^mvoomAiz*. o. n*«3feR*nT, ^(c-^^n 

^niCiO. tiSOGl4 3^©7K»^±S^« 
E»2 7KJB»»*#^.a:^. ±B^SE*S 

2 7©3>5'i'h*-;i'2 i &mz&nz>m-kts.E<r>^. 
ms&mmzffik-rz z. t^T^s. 

[0 13 2] Sfc. &SSOG§4 5<&, tiSOGIg 
4 3©^-&±Mj|ffiS2 7 <i:(Og»a5(D^{CJgfiK-r-2. 

*«*T«lftlLfc«dTr*t>T ! b. WISOGl4 3l;tJ 

T, &4£flHBffiTti:. ±IBLfc^2 *3«fc^ 3 nffi.B 
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i&tmm. ±l4BE*2 703>^j?h*-;i-2 1» 
ISOGI43 (S:ISOGl4 5) &&«JflHlieA 

[0133] ssk, c(Dm4$tmBm-c\z. ±s©«e 
mf&tvxmmmtf3. sarmsmmmtam* 8£ 
. ffltJiitcio. emvieMM 8fr&&«jimift 

tiSOG§4 3 (&SSOG1K4 5) frett-SHMfe 10 
ftK£. «K«*l6Wi4 8*»6a:*»nBI6IWBtOli 

* * h 5js-;p 2 1 ffift-rc*tt<&±ji*Mea 2 7 ©jgjt 
[0i3 4]&*5, (t7*-;W 2 

®^Fffl5-&«, i(rn>^i7 h*-;U (tfT*-;P) 2 1 
T?^4t40ST*4OT. ^>?{7 h*-)\s (fcfT* 
— ;P) 2 1 ©rtSKBfeKSOGBS4 5aiJ£JS3*lTl^ft 
tf. rne.C^tt»«Tt, fiSOGlfti')!^ 20 
&-5fte$tt4M6fMit4 8©hiy>^2 4©rtgf-gfe»s 
OGBt#»J*;£nT^&<T*>miBtt&^<k#*&n 

5. 

[0 13 5] fr\Z, ^4*Jfi^S8©¥#^g©SS!3g* 
*£j£0 29~B36 fCftoTiftBJ-T-S). 
[0136] 113 0 (0 30 #fl|) : (10 0) p 1! 
(Xlinl) Un>3S«l©±fcE*Ji 4 2£ 

3 0 0 nm~5 0 0 n rngScoK/PT^^-T-S. -^©K 
«§Uf 4 2±Cf«SOGl4 3*9 0 0 nm~l 1 0 0 
nmeffi©^JPT^fiK-r-£.. £©:fr$|S OGBH4 3 ©iffl 30 

«jfctf»ric*F«stt, ±nmmoi&m 1 ©w«ssogir3 

W. :fflf«SOGi4 3«t*9B9i (ft 

*^6, 17) tr^tts rmimmmi c«3-r*. * 

it. tiSOGl4 3©±l:i/ij3>g{fci44$2 0 
nm~4 0nmgg©IfTfSt5. ft, £©->«Jn 
>Mi4 4*t. *fgaj (fj|$gji 7) © r^2«fe» 

■tj fcwsi-r*. 

[0137] Ig31 (E3 1#Rg) : -> U 3 >SMfc§t 

4 4©±(C. l/yXh/^->46^5 0 0 nm~80 

0 nmgftWJgUPT^firr-S). ft, d© h/^- 40 

>4 6*t. #5gBJ3 (t*ai7) © rsi?7?/w- 
>J irffi^f £. 
[0138] Ii32 (0 3 2fi) :l/y7h/^- 
>4 6 £VX?£LT. ±iZ-£M<DWWi 1 ©IS 3 <h|^ 
»O0(E«ft'f*>aASSfflH. flSOG§4 3i: 
*tL, (tHd» ^7f> (B*) SiO^x*^ 

— :*5300~50 OKeV. K — X'fi : 1X10' 5 ato 

ISOGK4 3IC*^t>4*AtS^f!?, 81+ 



) 4#«!2 000-323572 

24 

[0 13 9] *<0«S*. tiSOGl4 3«-f*>aA 

«*»L*^*n*<r»8c«soGBt4 5\zmz.*>nz. c 

©StISOGl4 5ll — > 4 6 ©BB P§B 

J: 0 ft, £©&»SOGBN 5**. 

*5B9I (»*^6. 17) fc*>W-£ rjgi 

[0 14 0] 113 3 (i3 3#I) :RIEi£»Cj: 
0. l/yXh/t^->4 6SVX^tLTyU3>St 
K4 4*»*ttxy^>^r-6:itfCJ:0. HP*4 7 
U 3 >SfbK-77^ 4 4a SJgfiJfS. ft, 
COy | Jn>g«?X^4 4a*? 1 #3893 (f»^ 
8, i 7) © rxy^-v^fflvx^j icffiS-T*. 

[0 14 1] Ig3 4 (@3 4#I) :UvXW^- 
>4 6 £R£5>sLfcl£. &@SOGf4 5Rtf->U3>g 
ftSlvX:? 4 4 a©±K. 3 0 0 nm~5 0 0 nmM 

<Dmm&&-?2>&mmmK&&m4 8£jbj*ts. z<d& 

SS«4Me»8t4 8iLtflSOGl&fflWi^l 

±EtisoGi3 £mm<DUf&&&&Mifcjjm\z&io 

ft. z\<Di&mmmmmm4 8\t. *5£w\z&vz ^2 
7) j 

[0142] Ig35 (EI 3 5 #88) : &S!««fgSU£ 
4 8©±(C, l/yXh/t^->4 9$Mt5. C1©1/ 
vX h/X;* — >4 9©IBP8B«. yUnySMTXi' 
4 4 a©BSPg|$£-g-#., ^©Eftfe. y'j3>MIV 
Xi7 4 4 a©-^*l«fc 0 fc;*;^,, ft. Z-CDUiSX 
->4 9^, #«9I (f»*«l 7) fC&ttS TB2VX 

[0143] IS36 (i3 6#S) :kyXl-/^- 
>4 9Rt/y'J3yMIVXy4 4 aSVX^tL 

T, yanft— ^^©tfxSrx-y^^tfxi: itffi 

SBSOG«4 5*Iyf>m. d©*£. *"Tly 
>>X hA^->4 9 i:IHi;WPitl-C<£^m*«e^4 8 

*ix-y^>^$ti. ^^nymtm^xc 4 4 & \zmm 

L feU* j£-?ftfS**£ttK 4 8 ©X y ^ > y*))««7T 
-5= ^nC±0. fi^m^*ea^4 8tChly>5 : -2 4^ 
Ml^^T. ->'J 3>^b^TXi7 4 4 a SrV 
XyiLT, C:©VXytl»li;MPaTftSSOGl4 
5^x-y^>i/$tl. efeMSOGW4 5tr, iB«|g4 2 

(c®i;-5a>^^ ;U2 1 *^fi£-r-5. 
[0 14 4] d©J;5^. yU3yi<kl7Xy44a 

>^2 4 <hn>^i7 h s|>— JI/ 2 1 S©x->^>^/ 
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[0 14 5] Lfrb. *-TB!P«Oj£^hU>^2 4* 

Tab -a, 

[0 14 6] Ig3 2 K*V»T. &HSOGBI 

, 4 5<7)g^->Ua>g{t:^TXi7 4 4 a©PlDg8<£>g<fc 
0 *>;*:£<J&J5££ftTl^-6fc«>, IS 3 6 (CiJl/^TJ^pE 

$n-s>n>^i7 h^-;i/2 i <Dnm$&.nsoGm4 5 io 

-e#tf&£*a-5>., S£oT. z.<dzi>9 9 h*-;P2 lrtK 

[0 14 7] ±]fc. &MSOGI&4 5 <DJtB§«*tt 3 . 
5T', #«8SOGBU 3©ifc@S®3S (2. 9) fC*fU 
C©3M*«}gireH:. 8CISOGI4 5 
«n>^^ h^-;i/2 1 (Dfomz<D?>-W&V. *rtl&J% 
©®jJrtt#*SOGK4 3 

[0148] 1137 (H2 9#HR) : ^ffitttfX (ffl 

>?2 4S.O*r3>^5' h*-;P2 1 F*g^^ *J—=.>ifL 
fc'&, h U>^2 4S.Z>*n>^i7 h*— )12 1 |*l£$i£? 

CVDM^T, SflSJ/A'UtliLTOTiN 
K*»J«U *-©±C. CVDffiXI^7+ffi5fflO 
T. Cul^MU Ilr, CMPSe^T, CuM 
©«BfcW*U SllttlC hU>f 2 4SLt/a>^^ h 30 
;P2 1 F^ltCT i NtC ufrt>?£2>±m<&mmU2 7 

»9§ (»**6, i 7) iz$>vz> r^iiH^j tc+a^-r 

[0 14 9] C<D£o\Z. l4*»iT!l <Afc>«3>& 

[0150] ^m^ntzmmmmnt. -r^x 

-<#T;&£. *%93<Z>ttU9t*. ±Ebfc*«S»IB©RW 

[0 15 1] fciAHT. ^T©<t5tC3ISfiLTfe±IBl, 
[0 152] (1) tiSOGli;ftiT, 7DD^3- 

[0153] (2) IEt§l*m<i:LX©C uKfULX, 7 50 
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ffi. v-'J+t-YH. it5gl6&JS, K-^"H#U 
->'Jn>, gj"t^> (T i N) . JV^f/f^ 
(TiW) X«^ne»<D«S1fjtT®fi£f 
[0 15 4] (3) itlR^'JtiibTOTiN 
Ti, TaN, Ta^i««S^jglr-T^. Xtt. 
TiNlCftAX. Ti, TaN, Ta§5«H5. 

[0155] (4) afcJtsoGtticjiM&ssarr. £© 

[0 15 6] (5) WfiiSOGK«mfiE^-flS:iC (1) 
TS3n*»i*SOGgtK:ll#tt*.. ^SiSOGl 

[0 15 7] (6) ±E*«S»JBT?J4, flSOGll: 

LXWSt S O GK£Bfcfrr -5 fcODT&ttWCt* ©«fc 5 &-f 
</>Xt>.fc<A. 

[0 15 8] ft#WfCte. T;U=f>-f^>. tf^Sff * 
X*59. 4" Xfe^fS-f ^^fcotfciiLX^Srt*, 

[0159] T;urf>^©^ett^fx-f^-> C\U£ 

-f*>, ^h*W*» . Wtt^lifSSOGlt 
[0 16 0] *^*5.^*tA^©IIl b, IV b, V b, VI 

b.vn \><D&m<D7tm2Mfc't -towtn^nvc^m^ 

4#ic at*. -<:*•>. #U^A. 

Sit. OS^A. XX\ 7^k>k t'X-7X07ci# 
[0 16 1] IVa^, Va^OTE^^-f ^>S.O J -en^> 

[oi6 2] &^*>&mfkmmta.?>-&t>i±Tm^z>. 
z.<nm^. &1 *><Dmmftm\zzo3e.\z®nfc%)%:$: 

[0 l 6 3] (7) ±E**fi»»T?tt, tiSOGH; 
[0 16 4] (8) X/ , ?:yiS' U >y0*fttlt. 
[0 16 5] (9) X/t7^X7f>^7jSiLT, 
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2000-323572 



27 

^TftttfX^ffl^SUW::. Kfe&tfX ({BJxJiCC 1 
SF.) £fflHfcRJt?tt-f t>t'-AXyf^ (R 
I BE, RJStt-f^->5 U >^<tfeP¥tin^) SHUT 

[0166] (10) ±E* 2 KEtt»!BC*t»T. Ii 

1 4 Jli 1 3©ltflKfT5<, 

[0 16 7] (1 1) #fc*->yn>*« OMKMS 

-rat)*. &±<Dmffiwmiz$>-3T\$. mm** 

«AtfLCD©«k'5K:tt»tta«±©¥i»flsJB©± 

[0 16 8] ( 1 2) ^JRiH^7X«±g^JB@H^2 7 

[0 16 9] ( 1 3) «±©H8£ffiJ<Si:=&oTtt, h k 
>^6, 2 4tC&«ffii&7 £*#j&tr#J*ffl^TlftWL 

fc**, ^©ffin>^ h*-;kt>t;7jfr-;i/t> 

[0170] (i 4) m4^mmm<Di&mmmmmmt 

&J:^. fctxfcf, hsq (*^i>;Hrx^-^-y-> : ^ 
«*3. 0) ^7^7TX77lffl!l (R**2. 
1) &£fe£EftW?&«. 
[0171] 

[329!©3&*] JJ(±OJ;5(c. *5MHfc:*oTtt. Elft 

[0®©fMi&iftBJ] 

[01] *«9i**fc{fcLfcm*MS»IBK«S¥»# 

[0 2] *&H*JlttftL&ftlHtt*ttCff«¥*tt 

[0 3] *38W***{kLfclBl**»«K«*¥Wff 

[04] 4c«nftA#:fl:U^flll3(tdtVKlcfl(«¥«flE 
SB©$!!£a@£*T«llifc«®0T* 
[0 5] *fSi»£A^bUA:»l^lK»ttlcffi<S¥«#: 

^swsifi mm **-r «B&nr ® 0t & « . 

[06] *»E*A#flsL&*l 

[0 7] **KSAflEibLfc»l*lfi»«C«a**# 
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[0 8] *K«£JlttftLfcgl 

[0 9] *58*0*Jfi»**RWr*fcJ60»ttHT* 

[010] *3EMO*lfi»JBS«lWr*fcii>Ol#ttHT? 

[011] *f6^o*jsjgfii^itt^-rsfc«&©#tt0T 

[012] *3^£A*fcL£g2£|ftgflBi;:ffi£¥» 

io #SB©«iB&»r®0T&5. 

[013] *&mzmmti,rz&2nmMm\z&z>¥m 

[014] *fSM*ft#fl:Lfc»2*ft»lBC«-6*i» 

[015] *&w&mmtLfz&2$zffiMm\z&z>¥m 

[016] **M*JHWtLfc«2*!fi»ttfc«*i»sJ» 
ffcgiB © Mil j&*§ £ *BSW ® 0 T' & 5 . 
[017] *fgBJ£A#fcUfc!?l2*i««Uci&£¥^ 

20 &mm<DMmj®m$:^TMi®wimmT'$>z>. 

[018] *»WS*«£{kLfc»2*M»«K«*¥» 
#:««0«jfiiaSS*-r«l»WriiiH-p**. 
[019] *f8WS**flSlxfc»2*l6»IBK:«*¥» 

[02 0] *%SSftMLfc«2*MiC«5¥« 
#Sfi©M3iag£^-r«l&B?f®0T<J&£>. 

[021] *5&m&¥kmtvtz.wizmffii&m\z%z>¥m 

[02 2] #«9i£A#fbLfcS5 3*«BIBf;:f&-6¥i» 
30 #SBcD§Si£j®g£*-r8lB&|Jfr®0T-&£„ 

[02 3] #B9i£Attfbb;fc83£MSBIBfc:«*¥3» 

[02 4] *8HeJUfrftLfe£3*tt£ttK:ff<&¥l* 
#£B©BB«S£* , *-«ll&»rBH-e**. 
[02 5] #SSK£A#fcUfc*3*l6Bi8fc«*¥* 

[02 6] *9^*Aflttbfc*3ftMHMBI=tt-&¥* 

[02 7] 4:9in«|UMbL&fll3llM»ttK:«ft¥« 
40 #SB©8&iBS&a*-rttl«*r®B-?&S. 

[02 8] 4c%^$A4:fbbA:IB3^fll^ffiirffi<&^« 
#SEfi©«jftilS**"r*»WfSHT?**. 

[02 9] *5BH£AttfcL£B4£ffiBffif::fllS¥* 
#gB©«B&Wr®0-C&£„ 

[03 0] *%H£AttftL££4£;KBffil::ttS¥« 
fr^fi©® jgjgS <£*-r»l»S»f® 0T-* -5. 

[03 1] *36"8£A#{tLfc*4*MB»l;:«*¥B 

#«fi©BBaess-r*«HWBBT?**. 

[03 2] *ft9§&JU*fcbfc*4ftiraflM:ff«¥« 
50 ^»B©iaifi3lS<&*-r«BS»fffi0T-$.-2). 
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[03 4] *58WSA#{bLfcSB4*«»ttC«**J» 
[03 5] *38W*A^tLfcSB4*M»«C«* J l i * 
[03 6] *3B9!*ft#fl2Ufc*4!Mfi»ac«*iMI 

1 yU3>Ifi 



30 



3, 2 0, 2 3, 3 0, 4 3 WfliSOGIgl 

4, 2 8, 2 9, 3 2, 4 6, 4 9 

5, 2 5, 2 6, 3 1, 4 5 3fcKSOGBI 

6, 24 M/>f 

21 n >^i7 htf— ;p 

2 2a, 44a y'j3>gftK^i? 

2 7 ±«^BiH^ 

4 2 EMM 



10 



1] 



[0 2] 



11 12 10 9 

J 



5 7 5 



5 7 5 



10 9 6 




-2 



^4 



[03] 



-1 




[05] 



[0 6] 




5 5 



5 5 




5 5 



5 5 
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$£M 2 0 0 0- 3 2 



[07] 
6 7 6 7 



-2 
-1 
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5 5 




5 7 5 
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[0 9] 




1 0] 




50 100 

BfrfSj Chours) 



150 



200 



1 1] 



I 1 2] 




30 40 
(hours) 




[ia i 4] 



[01 6] 
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[Ml 3] 



1 5] 





1 8] 



1 7] 



22a 
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